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© Nuclemr reactor spacer grid. 

© The Invention relates particularly to an improved spacer 
grid for laterally supporting the fuel rods In a nuclear fuel 
assembly by means of dimples and springs formed on the 
grid straps which define cells having the fuel rods extending 
therethrough. 

Each of the dimples (46) and springs (48) is an elongate 
member which arches from the associated grid strap (24) 
and Is provided with a fuel-rod supporting surface (70; 56) 
contoured to cradle the fuel rod. Preferably, each dimple and 
each spring has flanges farmed along the longitudinal edges 
thereof and angled toward the grid strap on which the 
dimple or spring is formed. 

The cradling surfaces cushion vibrational impacts upon 
the fuel rods, minimize fuel-rod scratching during loading 
and unloading of the fuel rods, and promote centering of the 
fuel rods in the respective grid cells. The angled flanges 
along the edges of the dimples and springs aid in minimizing 
scratching. 
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NUCLEAR REACTOR SPACER GRID 

The invention relates generally to nuclear 
reactor fuel assemblies and, more particularly, to an 
improved spacer grid assembly for spacing and cradling fuel 
rods in a nuclear fuel assembly* 
5 In a nuclear, fuel assembly, spacer grid assem- 

blies are. used to precisely maintain the spacing between 
the' fuel rods in a nuclear reactor core,, to prevent rod 
vibration, and to provide lateral support for the fuel 
rods. Conventional spacer grid assembly designs include a 

10 multiplicity of metal grid straps, interlocked into an 
egg-crate configuration designed to form cells through 
which fuel rods (standard cells) and control rod guide 
thimbles (thimble cells) pass. Slots are often utilized to 
effect the interlocking engagement between grid straps. 

15 Each standard cell provides support for one fuel rod at a 
given axial location through the use of relatively resil- 
ient grid springs and. relatively • rigid protuberanc s 
(dimples) formed in or attached to the metal grid straps. 
A peripheral strap may be used to enclose the interlocked 

20 grid straps in order to impart strength and rigidity to the 
fuel assembly and to provide grid spring and dimple loca- 
tions for the peripheral cells. In order to minimize the 
lateral displacement of fuel rods during operation and to 
improve the fuel characteristics of a fuel assembly, a 

25 number of such spacer grid assemblies may be spaced along 
the fuel assembly* . These grids are generally held in pi ape 
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by attaching them to the control rod guid thimbl s through 
well-known bulging techniqu a or the like. 

Such spacer grid assemblies are disclosed in U.S. 
Patent Nos. 3,389,056; 3,713,971; 3,944,467; and 4,224,107, 
5 for example. 

During operation in a nuclear reactor, the grid 
springs and dimples are exposed to intensive radiation 
which may cause the grid springs to lose enough of their 
resilience to eventually permit the fuel rods to vibrate 

10 and chatter against the dimples. The result may be fret- 
ting of the fuel rod cladding. In a typical fuel rod, the 
cladding comprises a metal tube that contains nuclear fuel 
pellets. As used herein, the term "fretting" means a 
rubbing action between the fuel rod cladding and the grid 

15 springs and dimples. If severe enough, fretting is be- 
lieved to result in fuel rod failure. ' In a nuclear fuel 
assembly, fretting may be caused by rod vibration induced 
by coolant and/or moderator fluid flow in the reactor core 
and possibly by forces set up during shipping and during 

20 loading of the fuel rod. Furthermore, fuel rods generally 
are long (several meters) slender cylinders which, when 
inserted into conventional spacer grid assemblies during 
fuel loading, typically have their outer peripheral surfac- 
es resting flat or raised surfaces of dimples and grid 

25 springs in a manner resulting in a point or line contact 
between the fuel rod surface and the springs and dimples. 
When rods are loaded into such conventional spacer grid 
assemblies, scratches known as loading scratches are a 
common problem. It is believed that these scratches are 

30 caused, during the insertion of the fuel rods into the 
spacer grid assemblies, by sharp edges on the dimples and 
springs scraping along the fuel rod claddings. 

Some conventional spacer grids contribute to an 
additional problem in that the fuel rod springs and dimples 

35 may not accurately position the fuel rod at the center of a 
standard cell. Deviations from that center position can 
result in adverse nuclear characteristics in the fuel 



assembly as . well as hydraulic flow maldistriifltfi9i£5ft8 
mechanical damage , such as bent dimples and grid springs. 

It is the principal object of the invention to 
alleviate these problems, and the invention accordingly 
5 resides in a nuclear fuel assembly including an array of 
substantially parallel spaced fuel rods, and a plurality of 
transverse grids for laterally supporting said fuel rods, 
said grids being spaced apart in the longitudinal dlrecti n 
of the fuel assembly and each comprising a plurality of 

10 straps interleaved in an egg-crate- like manner to define 
cells including fuel-rod receiving cells each of which has 
one of said fuel rods extending therethrough and is bounded 
by strap portions having thereon dimples and, opposite 
'thereto, springs biasing the fuel rod against the dimples, 

15 characterized in that each of said dimples and each of said 
springs has a surface which bears against the peripheral 
surface of the fuel rod extending through the associated 
cell and is contoured so as to cradle the fuel rod. 

It will be appreciated that the dimples and 

20 springs which, instead of making point contact with the 
fuel rods, have fuel-rod cradling surfaces will present to 
fuel rods larger bearing surfaces which are capable f 
distributing vibrational or shock-induced forces over 
larger areas and are less likely to cause scratching or 

25 fretting of fuel rod cladding. 

The fuel rods are substantially cylindrical, and 
the contoured cradling surface of each dimple and each 
spring has a radius of curvature at least equal to that of 
the peripheral surface of the fuel rod. Each dimple and 

30 each spring is an elongate member which arches from the 
associated grid strap inwards of the associated cell and 
has the cradling surface formed on a raised central portion 
thereof, the elongate member preferably being provided, 
along its longitudinal edges, with flanges angled toward 

35 the plane of the associated grid strap. In the preferred 
embodiment of the invention still to be described, the 
elongate and arched dimples extend transverse, and the 
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longat and arched springs extend substantially parallel, 
with respect to the longitudinal axes of the resp ctive 
grid cells, th springs preferably having longitudinal ribs 
formed on end or base portions thereof extending from the 
opposite ends of their raised central portions. 

The preferred embodiment of the invention will 
now be described, by way of example only, with reference to 
the accompanying drawings, in which: - 

Figure 1 is an elevational view of a conventional 
fuel assembly including spacer grids which embody the 
invention; 

Figure 2 is an isometric view, with parts shown 
broken atfay, of a spacer grid embodying the invention; 

Figure 3 is an elevational view of a spring of 
the spacer grid; 

Figure 4 is a sectional view taken along line A- A 

of Fig, 3; 

Figure 5 is a sectional view taken along line B-B 
or line C-C of Figure 4; 

Figure 6 is a sectional view taken along line D-D 
of Figure 4; 

Figure 7 is an elevational view of a dimple of 
the spacer grid embodying the invention; 

Figure S is a sectional view taken along line E-E 
of Figure 7; 

Figure 9 is a sectional view taken along line F-F 
of Figure 8; 

Figure 10 is a sectional view taken along line 
G-G o£ Figure 8; and 

Figure 11 shows a modification of the dimple 
configuration of Figure 9* 

In the following description, terms such as 
"forward", ,r rearward w , "left", "right 11 , "downwardly", and 
the like, are employed as words of convenience not to be 
construed as limiting terms. 

Referring now to the drawings and particularly to 
Figure 1, the fuel assembly shown therein and generally 



designat d with ref rence numeral XO comprises 
structure or bottom nozzle 12 for supp rting the assembly 
on the lower core plate (not shown) in the core region of a 
reactor (not shown), control rod guide tubes or thimbles 14 
5 extending upwards from the bottom nozzle 12, transverse 
spacer grids 16 laterally supporting an organized array of 
fuel rods 18, an instrumentation tube 20, and an upper end 
structure or top nozzle 22 attached to the upper ends of 
the guide thimbles 14 to form an integral assembly capable 

10 of being conventionally handled without damage to the 
assembly components* The bottom and top nozzles 12/ 22 are; 
of conventional designs, each including an adapter plate 
with openings (not shown) for the flow of a liquid coolant, 
such as water, therethrough, all as well known in the art. 

15 The top nozzle 22 includes upright sidewalls 

which extend from its adapter plate and have an upp r 
flange (not shown) to which there are suitably clamped leaf 
springs 26 (only one is shown) which cooperate with the 
upper core plate (not shown) to prevent hydraulic lifting 

20 of the fuel assembly 10, caused by the upward coolant flow, 
while allowing for changes in the fuel assembly length due 
to core-induced thermal expansion and .the like. Disposed 
within the enclosure defined by the sidewalls of the top 
nozzle 22 is a conventional rod-cluster control assembly 28 

25 having radially extending flukes 30 connected to the upper 
ends of control, rods 32 for vertically moving the control 
rods in the control-rod guide thimbles 14, as well known in 
the art. ... 

When assembling the fuel assembly 10, the spacer 

30 grids 16 are attached to the guide thimbles 14 at predeter- 
mined axially spaced locations, the fuel rods 18 are 
inserted through the respective cells formed by the inter- 
locked grid straps, the lower nozzle 12 is suitably at- 
tached to the lower ends of the guide thimbles 14, \ and the 

35 top nozzle 22 is attached to the upper ends of the guide 
thimbles 14. For a more detailed description of the 
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c nventional parts of the fuel assembly 10, ref rence may 
. be had to U.S. Patent No, 4,061,536. 

Before describing the spacer grid structure 
embodying the invention, it is noted that spacer grids as 
5 such are well known in the art and are used mainly to 
maintain a precise spacing between fuel rods, and to 
prevent fuel rods from vibrating* Conventional spacer 
grids, such as those shown and described in U.S. Patent 
Nos. 3,379,619 and 4,061,536, are formed of straps 

10 interfitted into an egg-crate configuration providing cells 
for accepting the fuel rods. Each of the cells supports 
the fuel rod therein by means of spring fingers and dimples 
which frictionally engage the fuel rod typically at six 
points therein. The spacer grids may include vanes for 

15 providing coolant flow mixing, as likewise known in the 
art. 

Referring now to Figure 2 of the drawings, there 
is shown part of a spacer grid embodying the invention. 
Similar to convention spacer grids, the grid 16 is formed 

20 of straps 24 interleaved in egg-crate- like fashion to form 
cells 34 for the respective fuel rods 18 to extend there- 
through. The spacer grid 16 also includes outer or periph- 
eral .straps 36 which are interconnected at their ends and, 
encircling the egg-crate- like structure of inner straps 24, 

25 have the ends of the latter connected thereto. As seen 
from Figure 2, each outer strap 36 has a main portion 40 
and may have upper and lower resilient border portions 42 
and 44, respectively. Preferably, the border portions 42 
and 44 are formed integral with the main portion 40, and 

30 project outward from the planes of the associated portions 
40 in order to' cushion the enclosed fuel rods from shocks 
on shipping containers or the like used to transport fuel 
assemblies to reactors* The border portions 42 and 44 may 
be fashioned to " form mixing vanes for creating turbulence 

35 and promoting mixing of the coolant flow through the fuel 
assembly. The outer straps 36 preferably are made of a 
material having a low neutron capture cross-section, such 
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as zirconium or a zirconium alloy, and are joined together 

t t 

and to the inner grid straps by welding. 

Projecting into each cell 34 of the spacer grid 
16 as shown are two pairs of relatively rigid dimples 46 
5 and two grid springs 48. The two pairs of dimples 46 are 
formed on. the respective strap portions bordering the cell 
34 on two adjoining sides thereof, and the springs 48 are 
formed on the respective strap portions bordering the cell 
on its remaining sides, i.e., the sides opposite from the 

10 strap portions carrying the dimples, the dimples 46 on each 
strap portion being spaced apart and aligned with each 
other in the longitudinal direction of the cell which 
coincides with the longitudinal direction of the particular 
.fuel rod when, extending therethrough. With this arrange- 

15 mant, the springs 48 in each grid cell will engage the fuel 
rod therein and bias it against the' relatively rigid 
dimples 46 opposite the respective springs; 

The dimples 46 and the grid springs 48 are 
elongate and generally trapezoidal in shape, the dimples 46 

20 extending transverse with respect to the longitudinal axes 
of the respective grid cells, and the springs 48 extending 
substantially parallel to the grid-cell longitudinal axes. 
In the embodiment illustrated, the dimples 46 and grid 
springs are integral parts of the respective grid straps 

25 24, each of them being lanced along its longitudinal edges 
from the associated strap 24 and being arched from the 
plane thereof inwardly of the associated grid cell. 

Turning now to Figures 3 to 6, the fuel- rod 
cradling grid springs 48 constructed in accordance with the 

30 invention will now be described in detail. AS indicated 
above, the springs 48 as. shown in the preferred embodiment 
are integral parts of the respective grid straps 24, each 
of them having been lanced from the associated strap 24 by 
punching slots 52 and 54 along the longitudinal edges of 

35 the spring 48. Each of the springs 48 has a raised portion 
50 contoured to cradle the associated fuel rod and to 



pr sent to the latter a r latively large bearing surface 
which is capable of distributing vibrational and impact- • 
induced forces over a larger surface area of the rod, and 
which, in addition, minimizes the chance of the fuel rod 
5 cladding being scratched during loading or unloading 
operations: In order to provide a large bearing surface, 
the raised portion 50 of each grid spring 48 has an arcuate 
surface 56 which is curved so as to approximately follow 
the surface contour of the generally cylindrical fuel rods, 

10 and in order to lessen any fretting tendency still further, 
each spring 48 preferably is provided with longitudinal 
ribs 58 formed along the transverse center of base portions 
60, 62 extending from the opposite ends of the raised 
central portion 50 of the spring. The ribs 58 also" add 

15 stiffness to the grid spring 48. Each spring 48 may be 
further stiffened by providing it, along the longitudinal 
edges thereof, vith flanges 64 angled towards the plane of 
the strap 24 from which the spring is projecting. As seen 
best from Figure 5, the angle « formed by each flange with 

20 respect to the major face of the grid spring may be up to 
90 degrees and preferably is in the range of from 30 to 60 
degrees. 

Referring now to Figures 7 to 10 , the fuel-rod 
cradling dimples 46. will, be described in detail. As the 

25 springs 48 , the dimples 46 preferably are strips of strap 
material lanced from the respective straps 24 by punching 
slots 66 and 68 into it to form the longitudinal edges of 
the respective dimples. As best seen from Figure 8, each 
dimple 46, like each grid spring 48, is formed generally as 

30 an arch having a center portion 70 and base portions 72 
extending from the opposite ends of the center portion to 
the grid strap 24* Since, in the illustrated embodiment, 
the dimples 46 are open in the coolant-flow direction in 
that they extend transverse with respect to the longitudi- 

35 nal axes of the grid cells, the center portion 70 of each 
dimple is curved in an arc extending between the base 
portions 72 so as to cradle the generally cylindrical fuel 
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rod passing through the associated grid cell. Preferably, 
th radius of curvature (r) of the arc formed in each grid 
spring (Figur 6> and each dimple (Figure 8) is slightly 
greater than the radius of curvature of the outside diame- 
5 ter of the fuel rod to be supported, in order to cradle the 
fuel rod while allowing for small deviations in the loca- 
tion of the grid springs and dimples in the spacer grid 
assembly. At any rate / said radius r must be at least 
equal to the radius of curvature of the fuel rod to be 
10 supported when the fuel rod is in its expanded, i.e*, 
heated condition. 

Since the fuel rods are inserted in a direction 
parallel to the face of each dimple 46, it is desirable to 
roll down at least the edge of the dimple which is facing 
IS opposite to the direction of fuel rod insertion, thereby to 
form a ramp which will prevent the fuel rod cladding from 
being scratched. As seen best from Figures 9 and 10, the 
rolled down or ramp portion comprises a flange 74 which is 
angled toward the plane of the grid strap 24 from which the 
20 respective dimple is projecting and is disposed at an angle 
with respect to the arch, to form a generally smooth 
ramp onto the base portions 72 and center portion 70. The 
angle 0 may vary up to 90 degrees and preferably is in the 
range of between 30 to 60 degrees. The flange or flanges 
25 74 will serve to stiffen the dimple as well as enable 
loading of fuel rods, without scratching. 

As shown in Figure 11, the base portions 72 of 
each dimple may also be provided with stiffening ribs 76. 

During fabrication of a fuel assembly or opera- 
30 tion in a reactor, a fuel rod could begin to deviate from 
its nominal center position aligned with the axis of the 
grid cell. The fuel rod cradle spacer grid design accord- 
ing to the present invention requires a fuel rod to "ride 
up" to a higher position on the dimple or spring in order 
35 to deviate from this Nominal position. This riding-up 
movement tends to force a deviating fuel rod back into the 
"valley" of the cradle, thereby reducing any tendency 
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toward large deviations from th nominal center position 
which could otherwise bend dimples and springs and alter 
the nuclear, thermal / and hydraulic characteristics of the 
fuel assembly* 

5 During operation, the cradle grid spring and 

dimple design of the present invention also tend to main- 
tain the fuel rods centered in the grid cells. This is 
particularly important after radiation begins to relax the 
force exerted on the fuel rods by the grid springs* In 

10 this regard, the cradle . design tends to maintain a more 
uniform coolant flow distribution about the fuel rods. If, 
during operation, a fuel rod experiences "lift off" from a 
grid spring or dimple, -generally not more than a few 
. hundredths of a millimeter, the flow of coolant into and 

IS out of the cavity formed between the lifted-off fuel rod 
and the spring or dimple surface is more restricted with 
the cradle design of the invention than with the conven- 
tional flat design so that there is less of a tendency to 
increase the hydraulic lift on the fuel rod. Indeed, the 

20 more confined cavity resulting upon fuel rod lift-off by 
virtue of the cradle design tends to reduce the frequency 
of flow-induced fuel rod vibration and thereby reduces any 
. tendency toward fretting of the fuel cladding. 
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CLAIMS: 

1* A nuclear fuel assembly including an array of 
substantially parallel spaced fuel rods, and a plurality of 
transverse grids for laterally supporting said fuel rods, 
said grids being spaced apart in the longitudinal direction 
5 of the fuel assembly and each, comprising a plurality of 
straps interleaved in an egg-crate-like manner to define 
- cells including fuel-rod receiving cells each of which has 
one of said fuel rods extending therethrough and is bounded 
by strap portions having thereon dimples and, opposite 

10 thereto, springs biasing the fuel rod against the dimples, 
characterized in that each of said dimples (46) and each of 
said springs (48) has a surface (70; 56) which bears 
against the peripheral surface of the fuel rod (18) extend- 
ing through the associated cell (34) and is contoured so as 

15 to cradle the fuel rod. 

2. A nuclear fuel assembly according to claim 1 
wherein the fuel rods are substantially cylindrical, 
characterized in that the contoured surface (56; 70) of 
each dimple (46) and each spring (48) is curved having a 

20 radius of curvature at least equal to the radius of curva- 
ture of the peripheral surface of the respective fuel rod, 

3. A nuclear fuel assembly according to claim 1 
or 2, characterized in that each of said springs (48) and 
each of said dimples (46) is an. elongate member arching 

25 from the associated strap (24} inwardly of the associated 
cell (34) and having a raised central portion with said 
contoured surface (56; 70) formed thereon. 
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4. A nuclear fuel ass mbly according to claim 3 r 
characterized in that each spring (48) extends substantial- 
ly parallel to the longitudinal axis of the associated cell 
(34) and includes base portions (60,62) which extend from 
opposite ends of said raised central portion of the spring 
and each of which has a longitudinal rib (58) formed 
thereon. 

5* A nuclear fuel assembly according to claim 3 
or 4, characterized in that each spring (48) has flanges 
(64) formed along the longitudinal edges thereof and angled 
toward the plane of the associated strap (24). 

6. A nuclear fuel assembly according to claim 3, 
4 or 5/ characterized in that each of said dimples (46) has 
flanges (74) formed along the longitudinal edge thereof and 
angled toward the plane of the associated strap (24). 

7- A nuclear fuel assembly according to claim 6, 
characterized in that each dimple (46) extends transverse 
with respect to the longitudinal axis of the associated 
cell (34). 

8. A nuclear fuel assembly according claim 3, 4, 
.5, 6 or 7, characterized in that each dimple (46) includes 
base portions (72) extending from opposite ends of the 
raised central portion thereof and each having a longitu- 
dinal rib (76) formed thereon. 
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